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appeared at feveral different points, with very little differ- 
ence of time. At firft, they were nearly circular ; but they 
rapidly extended themfelves along the limb of the fun, till 
uniting, they completed the annulus. At the fecond contact, 
feveral breaches in the annulus almoft inflantaneoufly fuc- 
eeeded the nrft, at different diftances from each other ; and 
the oblong drops included between them, contracted and 
vanifhed. 

The fky was perfectly clear, during the whole time of the 
eclipfe ; and our obfervation was not interrupted by the in- 
tervention of a fingle cloud. 

The fear of loling an obfervation of one of the contacts 
prevented my taking any meafures with a micrometer ; as 
the only one in my poffeflion is fitted to the telefcope, 
with which I obferved the contacts -, and fome time would 
be requifite to adjuft it to the micrometer, and afterward? 
for ufe without it. 

V. Obfervations of the tfranjit of Mercury over the Suns T)ifc 3 
November 5th, 1789, by the Rev. JOSEPH WILL ARD, 

d. d. Prefident of the JJniverfity, and Vice Prefdent of the 
American Academy of Arts and Sci-cnces. 

f I "^HE circumftances attending the tranfit of Mercury, 
JL which happened November 12th, 1782, were more fa- 
vourable in North America than in Europe. The altitude 
of the Sun was much greater at the beginning of the tran- 
fit, and the whole was viable to us ; whereas the Sun fat in 

Europe, 
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Europe, before the two kit contacts happened. But Mer- 
cury's latitude was then fo great, that the times of the con- 
tacts could by no means be determined, with that precifion 
as when the latitude is fmall. For this reafon, the tranfit 
of November 5th, this year, became more peculiarly intereft- 
ing. And it was of more importance that it mould be ob- 
ferved in. America, as the whole was vifible to us, which it 
was not to the Europeans.. 

Having determined to make as accurate obfervations up- 
on this tranfit, as mould be in my power, I began to take 
equal altitudes of the Sun, to afcertain the going of my 
clock, as early as the twentieth day of October : and, by 
obfervations made on that day, and the 2zd and 23d, I 
found, that it did not deviate from keeping equal time, more 
than half a fecond in twenty four hours. After the 23d, 
the weather became peculiarly unfavourable for obfervations 
of the Sun, on account of clouds and rain ; fo that I could 
not obtain a complete fet of equal altitudes, till the 2d day 
of November ; when I found that the Sun palled the. meridian 
by my clock, making the equation for the change of declina- 
tion, during the half interval between the forenoon and after- 
noon obfervations, at 11" 59' 33''' if. The 3d and 4th days 
of the month were cloudy -, but, on the morning of the 5th, 
the day of the tranfit, the atmofphere was very clear ; not a 
cloud was to be feen } and there was nothing unfavourable 
to obfervations of this phenomenon, except the wind, which 
at times was pretty high. This however, did not prevent 
the contacts' being determined with great exact nefs. 

For 
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For obferving the contacts, I was furnifhed with an ex- 
cellent achromatick telefcope of 3 I- feet long ; the largeft 
magnifying power of which is 90, and is that which I made 
life of upon this occafion. For meafuring diftances, I had 
Dollond's micrometer, fitted to a reflecting telefcope of a 
foot long. 

About a quarter of an hour before the time when the 
firft contact was expecled by calculation, I fat down to my 
telefcope : and having previoufiy determined the part of 
the Sun's limb, where the firft impreffion would be made, 
I endeavoured to keep that point, as near as I could judge, 
in the centre of the field of view : and fuch was its fituation 
at the time of the firft external contact, which happened at 
8 h 24' 4", a. m. apparent time. The atmofphere appeared 
very clear, and there was no undulation of the Sun's limb, 
but it was in a fmall degree ferrated j and nothing but that 
appearance could give an uncertainty to this obfervation. 
Poflibly there might be an errour on this account, of two 
or three feconds. But, the indents upon the limb were by no 
means, fo large as in the tranfit of November 12th, 1782, 
at the time of the .firft contact. 

The apparent time of the firft internal contact; was 8 h 25 1 
52". No uncertainty feemed to attend this obfervation ; and 
as foon as Mercury was wholly within the Sun, his difc ap- 
peared perfectly circular. 

I meafured the diftance of Mercury from the Sun's limb 
a number of times, whilft he was palling over the difc ; but 
the wind was fo high and troublefome, when I was ufing 
that fhort and unfteady telefcope, to which the micrometer 

was 
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was fixed, that I was not fo far fatisfied with them at the time, 
as to fuppofe they could be fafely ufed to determine the 
lead diftance of centres : but was perfuaded, that if the oh- 
fervations of the two lait contacts fiiould be as favourable as 
thofe of the two firft, the leaft diftance of centres, and the 
latitude of Mercury, might with more accuracy, be deduced 
from the contacts, than from any of the micrometer mea- 
fures. I did not attempt, on the fame account, to meafure 
Mercury's femidiameter by the micrometer, but left it to be 
determined from the contacts. As the Sun's diameter was 
a large angle, and could more eafily be taken than fmall 
ones, I applied the micrometer feveral times, to meafure it, 
when the wind was lead troublefome ; and found it, parallel 
with the horizon, to be 32' 24/ 33. 

The atmofphere was perfectly clear at the time of the two 
laft contacts ; and I found the internal one happened at 
1" 15' 44 // . p. m- and the external one at i h iy' 36" p. m. both 
apparent time. 

I took correfponding altitudes of the Sun on the day of the 
traniit -, and found, that when it pafTed the meridian, it was, 
by my clock, ufing the proper equation for change of decli- 
nation, 1 i h 59' 36''' 22 w ''. From the 2d of November there*- 
fore, to the 5th, the clock had gained upon apparent time 
3' v 5 /;/ . If it had kept mean time exactly, it would have 
gained f 54'". Hence it appears, that it deviated but about 
I of a fecond in twenty four hours, from keeping mean 
time. 

Having had fo good obfervations of this phenomenon, I 
thought -it my duty to communicate them to the Academy. 

D 4nd 
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And I fhall conclude the paper by making thofe deductions 
from them, which I hope, may in fome meafure, fubferve the 
interefts of Aftronomy. 

The elements for the calculations are from M. Mayer's 
Tables of the Sun, publifhed in the year 1770, and M. de la 
Lande's Tables of Mercury, in the firft volume of the fecond 
edition of his Aftronomy, publifhed in the the year 
177 1 ; reckoning the difference of meridians between Cam- 
bridge, and the Royal Obfervatoryat Greenwich, 4 h 44' 3 1" j 
and between Cambridge, and the Royal Obfervatory at Paris,, 

4 :>3 47 • 

By theie tables we find £ 's diftance from the Sun, reduc- 
ed to the ecliptick, at the time of the conjunction, Log, 
4. 4983265m numbers = 3 150 1 ; the Sun's difrance from the 
earth, Log. 4. 995777, in numbers — 99032 ; Mercury's 
diftance from the earth therefore, in numbers, was 6753 l — 
Log. 4. 829503. By the beft calculations, from theobfer- 
vations of the tranfit of Venus, made in the year 1769, the 
Sun's horizontal parallax, on the day of the tranfit of Mer- 
cury, muft have been 8". 85, Having thefe requisites, we may- 
find Mercury's horizontal parallax thus : 5 's diftance 

from the earth : o's diftance from it ::©'s horizontal paral- 
lax :.$'s horizontal parallax -, which is found = 12". 978 :: 
confequently, g 's horizontal parallax from = 4". 128'. 

The Sun's horary motion, during the tranfit, was 
2 /( 30". 7 : Mercury's helioeentrick horary motion in longi- 
tude in the ecliptick, at the time of the firft external contact, 
was 14' 59" ; and at the time of the fecond', 15 7 "3" : confe- 
quently, his motion from the Sun, 12' 28". 3 and 12' 32". 3 3 

from 
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from which we may find Mercury's horary motion upon the 
Sun's difc, with refpecl: to the ecliptick, at the beginning of 
the tranfit, 5' 49*. 059 ; and at the end, 5' 50". 955. This 
was the compound motion of the Sun and Mercury ; Mer- 
cury's motion being retrograde. If therefore, we fubftract 
the Sun's horary motion, we fhall have Mercury's geocen- 
trick horary motion in longitude, at the beginning of the 
tranfit, 3' 18". 359 ; and at the end, 3' 20' '. 255. 

Mercury's heliocentrick motion in longitude, from 
8 k 24' 4 # , the time of the firft external contact, till io h 39' 3 1", 
the time of the ecliptick conjunction, by the tables, was 
33' 50". 1, making 28' 9". 9 from the Sun, and 13' 8*. 29 for 
his motion upon the Sun's difc, which makes his geocentrick 
motion in longitude 7' 28*. 09. The fimilar motions, from 
io h 39' 31" to i h 17' 36", the time of the fecond external 
contact, were 39' 35". 2, 32' 58". 2, 15' 22". jy and 8' 45". 77. 
Mercury's horary motion in latitude, at the beginning of 
the tranfit, was 51". 404 j and at the end, 51*. 685 ; and. 
from 8 h 24' 4." to io h 39' 31", i' 56". on j and from io h 39/ 
3i /; , to i h 17' 36", 2' 16". 115, decreafing. 

The longitude of the Sun therefore, and Mercury's geo- 
centrick longitude, by the tables, at io h 39' 31", being 
7 s 1 3 40' 56". 5 ; and the latitude of Mercury, 7'27 // . 95, we 
fhall find, 

At the time of the firft external contact, viz. 8 h 24' 4." a. m. 
O's longitude. 7 s I3°35' 16". 3 

5 's geocentrick longitude, 7 13 48 24. $9 

5 's geocentrick latitude. 9 23.961 

O's right afcenfion. 221 7 34 

Right 
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Right afcenfion of the mid heaven. 
Which being fubftraCted from 1 

270", srives ,<, at the pole. J 

3's femidiamcter, by obfervation. 
The obliquity of the ecliptick. 
Latitude of Cambridge, 42 23*' 28 j// n. re- 7 

duced to centr. j J/ 

From thefe elements, we find the longitude of the nona- 
gefimal degree, 4* 26" 32' 44'', and altitude, $$° 49' 42", and 
Mercury's parallax in longitude from the Sun, t > ". 333 j and 
in latitude, 2"'. 322. 

At the time of th-; fecond external contact, viz. i h iy r 36*' p.m. 
G's longitude. 
V 's geocentrick longitude, 
$'s geocentrick latitude. 
0's right afcenfion. 
Right afcenfion of the mid heaven. 
Which fubftraOted from 270°, gives </ at") 

the pole. I 

From thefe elements we find the longitude of the nona- 
gefimal degree, y 1 6° 22' 32*, and altitude, 3-4 i$ J 56/ and 
Mercury's parallax in longitude from the Sun, o". 29 ; and 
in latitude, ^". 416. 

At 8 h 29' 52* a. m. the apparent time of g 's firft inter- 
nal contact, his parallax, in longitude from the Sun, was 
3''. 323 ; and in latitude, 2".. 329. 

At i h 15' 44", p. m. the apparent time of y's fecond in- 
ternal contact, his parallax in longitude from the Sun, was 
o". 318 5 and in latitude, 3'. 412. 

For 
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For g.'s fem-idiameter by the obfervation of the conta6ls, ; 
and alfo his latitude, together with the time of the ecliptick 
conj miction : In fig. 8, Plate 1. letE S K reprefent the fouthern 
half of the Sun's dife ; the diameter E © K a portion of the 
ecliptick, or rather a line parallel to- it, being removed from, 
it = the Sun's parallax in latitude ; C 5 Mercury's vifible 
geocentrick latitude at the time of the firit external conta6i ;. 
L M his vifible geocentrick latitude,.at the time of the fecond 
external contact ; the line M U drawn from the point M. 
parallel toKE = Mercury's vifible motion upon the Sun's 
difc, between the two external contacts, reduced to the eclip- 
tick ; confequently, g U — his vifible motion in geocentrick 
latitude, during the time which paffed between the two ex- 
ternal contacts. Therefore, $ M is the vifible tranfit lines 
and £ M U, the angle which, this line makes with the eclip- 
tick. The point is the Sun's centre, at the apparent time 
of the vifible conjunction of centres ; N perpendicular to 
5 M,the vifible leaft diftance of centres -, © D perpendicular 
to the ecliptick, the vifible diftance of centres, at the time of the 
vifible ecliptick conjunction ; g and M = the fum of 
the femidiameter of the Sun and Mercury, the diftance of cen- 
tres, at the time of the external contacts ; 0i and ©r — the 
Sun's femidiameter,. the diftance of centres, at the time of 
the contacts of Mercury's centre with the Sun's limb ; C U 
= UF, the vifible difference of longitude of the centres, at 
the time of the firft external contact, and © L the vifible 
difference, at the time of the fecond. 

The 
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The longitude of the nonagefimal degree, at the time of 
each contact, being lefs than the longitude of Mercury, the 
parallax in longitude is to be added to Mercury's longitude, 
at the time of each, to give the vifible ; and as Mercury's 
motion in tranfits is retrograde, and the parallax, at the time 
of the fecond external contact, was greater than at the time 
of the firft, the length of the vifible tranfit line was greater 
than the true, by the difference of the parallaxes. 

The true latitude, at the time of each contact, was in- 
creafed by the parallax in latitude ; and as the geocentrick 
latitude was decreafing, and the parallax, at the time of the 
fecond external contaft, was greater than at the time of the 
firft, the vifible motion in latitude was lefs than the true, 
by the difference of the parallaxes. Hence, we may eafily 
find M U and 5 U as follows ; : 

$ 's parallax in Ion. from Q at iff. ext.cont. 3". 333 

Do. at 2d, o. 29 

Difference. 3. 043 

$ 's motion on the ©'s <hfc, with refpect t 

. ? 2o' T. l". 00 

to the echptick, in4 h 53' 32 // . J ° 

= 1711^. 06 

Add the difference of parallaxes in longitude. 3. 043 

The Sun is = M U. 

g's parallax in lat. from at 1 ft ext. cont. 
Do. at 2d. 

Difference. 
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g's true motion in geocentrick iat. in 4" 53' 32^. 4 12. 12 

= 252 // . 126 
Subtract the difference of parallaxes in latitude. r. 094 

Vifible motion in geocentrick latitude =5 U. 251. 032 

Having found M U and £ U, we eaiily find the length of 
the vifible tranfit line 5 M, as follows : M U, 17 14". 103. : 
$ U, 251". 032 :: Radius: Tangent Z $M U>8° 19' 54". 5 :. 
Then Sine Z?MU, 8" 19' 54". 5 : U 5 251*. 032 :: Rad- 
ius : 5 M, 1732". 39 j the half of which, viz. 866". 19.5, — » 
N, or MN. 

Having obtained 5 N and M N, we may proceed to find 
g's femidiameter by obfervatiorw 

At the time of the firft contact, $ 's horary motion on the 
O's difc, reduced to the ecliptick, was 5' 49 // . 059 : therefore, 
in i' 48", the time from the firft external to the firft internal 
contact, the motion was 10". 472. At the time of the laft 
contact, the horary motion, with refpedt to the ecliptick, was 
5' 50". 955, which gives io 7/ . 917 for S's motion upon the 
0'sdifc, in 1' 52", the time between the fecond internal', and 
fecond external contact. The difference of the parallaxes 
between the firft external, and firft internal contacl — o". 01, 
being added to 1 o". 472, will give the vifible geocentrick 
motion of $ upon the ©, with refpedt to the ecliptick, 
io // . 482 in 1' 48" ; and the difference of the parallaxes be- 
tween the fecond internal, and the fecond external contacl 
— o". 028, being added to 10". 917, will give 10". 945, for 
the vifible geocentrick motion of $ upon the ©, with refpect 
to the ecliptick, in 1' 52", Sf's true motion in geocentrick 

latitude, 
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latitude, in i' 48" was 1". 546 ; from which fubftract o". 007, 
the difference of the parallaxes in latitude in that time, and 
we fhall have 1", tj^g, for g's vifible motion in geocentrick 
latitude. In 1' $2", $'s true geocentrick motion in latitude, 
was 1". 603 ; from which fubftracf the difference of parallexes 
in latitude, o". 004, and we fhall have 1". 599, for $'s vifible 
motion in latitude. With thefe vifible motions in longitude 
and latitude, we obtain 10", 594 for g's vifible motion in 
his path upon the Sun's difc, in i 7 48^, and 1 1". 06 1, for his 
motion in i' 52". 

The mean of ic/. 594 and 11", 061, the motion of y in 
crofling the Sun's limb, at the ingrefs andegrefs, is 10". 827 ; 
the half of which, viz. 5". 414, being fubftracted from 866. 
195, half the tranfit line, between the two external contacts, 
will leave 860. 781 — half the tranfit line, between g's cen- 
tral contact. = Ni, or Nr. Let the obferved femidiameter 
of the Sun = 972 ,y . 125, be diminifhed 4 // . 5, for irradiation 
or inflexion, and we fhall have 967'''. 625, for his femidiam- 
eter, to be ufed in thefe calculations ; this is = ©i or ©r. 
Therefore, in the right angled plain triangles, ©5 N and 
© M N, we have the hypothenufe, ©i or ©r, and fide, § N 
orMN, to find fide © N; which is obtained by multiplying 
together the fum and difference of the hypothenufe and leg, 
and extracting the fquare root of the product, which is ea- 
fily done by logarithms. Thus © N is found = 442". 071. 

Having found © N, let us affume ^ for the femidiameter 
of $, which added to the Sun's femidiameter, diminifhed by 
inflexion, will give 972 /; . 665, for © 5 and $ M ; and fub- 
ftracted, will give 962 // .665, for ©s and gx ; from which we 

mav 
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may eafily find N « and Ns, and N M and Nx j and con- 
fequently, obtain the fpaccs which Mercury would have run 
through between the external and internal contacts, had his 
femidiameter been equal to that a (Turned. Thefe fpaces are 
as and Mx, each = 1 1". 242 ; but the fpaces run through 
by obferyation, were not fo great -, therefore, $ 's femidiam- 
eter by obfervation, was lefs than that which we have af- 
fumed, and may now be exactly obtained, y's by obferva- 
tion, was 10". 594, therefore, 11". 242 : §" :: 10". 594 : 4". 
712. Mx by obfervation, was i\ !l . 061 ; therefore, n 7 ', 
242 : 5" :: 1 1". 061 : a.", gig. From thefe remits it appears, 
that w. 's femidiameter by the obfervation of the two firft 
contacts, was 4*'. 712 ■. and by the obfervation of the two lafr, 
4*. gig ; the mean of which is 4.". 815 ; which we may ufe 
as the femidiameter of 5,111 the calculations which follow. 

For y's gcocentrick latitude at the time of the external 
contacts : 

Wc have already found y U= N © D = 8 3 ig ! 54*. 5, 
and g N, the vifible tranfit line = 1732". 39, the half of 
which, viz. 866". 195, is= ? NorMN; alfo S's femi- 
diameter by obfervation = 4'-. 815, which added to ©'s re- 
duced femidiameter, 967''''. 665, will give 972". 48 = ©» .; 
Therefore, $sN 972'''. 48 : Radius :: 5 N $66". 195 : Sine^/ 
g N 62 57' 44". 2, From this fubftract /_ N © D, 
8° 19' 54*. 5, and the remainder, viz. 54 37' 49 /; . 7, will be 
= Z. a D ; the complement of which angle, viz. 35 22 ; 
1 o". 3 will be — /_ a C ; becaufe D C is a right angle. 
Having found ,/ » C, we may fay, Radius : », 972'', 
48 ;: Sine Z. 5 C, 35° 22' 10". 3 : C », 562/ 917 = 
F 9 f 22' / . 917 
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g' 22". gyj = the vifibie difference of latitude between the 
Sun and Mercury, at the time of the flirt external contact 3 
from which fubftracl Mercury's parallax in latitude from the 
Sun = 2". 322, and the remainder, viz. 9' 2o // . $95, will be 
Mercury's true latitude by obfervation. The latitude by 
the tables, being 9' 2^". 961, the erronr is + 3". 366. 

For the difference of longitude of the centres of the Sun. 
and Mercury at the time of the firft external contact, and 
confequently at the time of the eciiptick conjunction : 

Radius : q $, 972 // . 48 :: Sine /_ $ C, 35 22' 10". 3 : 
C O, 792 /y . 995, the vifibie difference of longitude of the 
Sun's and Mercury's centre 5 from which fubftract 3", 333, 
Mercury's parallax in longitude from the Sun, and the re- 
mainder, viz. y2g". 662, will be the true difference of lon- 
gitude by obfervation. 

Mercury's heliocentrick motion in longitude from 8 h 24'' 
4 /; , a. m.. to io h 39' 31", a. m. viz. in 2 h 15' 2j", was by the 
tables, 1689''. 9 ; which will give 788 // . 29 for his geocen- 
trick motion on the Sun's difc, reduced to the eciiptick. 
Therefore, 788". 29: 2 h 15' 27''' = 8127" :: 78 9 /; . 662: 
8141' 7 — z h 15' 41" ; which added to the time of the firft' 
external contact, viz. 8 h 24' 4", will give io K 39' 45", a. m. 
for the apparent time of the true eciiptick conjunction by 
obfervation ; being 14? later than by the tables. 

At io h 39' 45'*, the Sun's longitude was 7 s 13° 40' 57'*. 1 3, 
confequently, it being the eciiptick geocentrick conjunction, 
Mercury's geocentrick longitude was. the fame, which makes 
liis heliocentrick longitude at. that time, to have been i s 13 

40' 57*, 1 
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40' $7". 1 ; but by the tables, it was j* 13° 41' o". o, Mercu- 
ry's errour therefore, in longitude, was -j- 2". 9. 

For Mercury's heliocentrick latitude, at the time of the 
ecliptick conjunction, by obfervation, and his diftance from 
the node : 

In 2 h 1 5' 27", or 8127", g's motion in geocentrick latitude 
by the tables, was 1' 56*. 01 1 : Therefore, 8127" : 1 16. on 
:; 8 14 1": 116". 213 — 1' $b". 213. This was Mercury's 
motion in latitude, in z h 15' 41" ; which being fubftra&ed 
from 9'' 20". 595, his geocentrick latitude, at the time of the 
firft external contact, will give 7' 24*. 382, for his geocen- 
trick latitude, at the time of the obferved ecliptick conjunc- 
tion : Then 5's diftance from the Sun : g's diftance from 
the earth : : $ 's geocentrick latitude, 7' 24*. 382 =444". 382 : 
e's heliocentrick latitude, 952*. 578 = 15' 52'''. 578. 

Let Q E. Fig 9. be a portion of the ecliptick } the point 
Si the place of 5 's afcending node ; g 5, a portion of 
g's heliocentrick orbit ; the point at 5, his heliocentrick 
place in his orbit, at the time of the ecliptick conjunction j 
and E, his place reduced to the ecliptick ; E 5, his helio- 
centrick latitude ; the angle E & 5 , the inclination of his 
orbit — 7 o' o'. In the right angled fpherick triangle, right- 
angled at E, there are given the angle Eg ?, and the per- 
pendicular or fide E % , to find the bale or fide gE = Mer- 
cury's diftance from the afcending node : 

Radius : Tangent, E 5, 15' 52". 578 ;; Tangent co^, 
E 9, 5 , 83 o' o" : Sine, SI E, 2 9' 20" = $ 's diftance from 
the afcending node. 

At- 
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At io' n 39'' 45'", a. m. the time of the ecliptick conjunction, 
5's hsliocentrick longitude was i 5 iy 4.0' $y". 1 ; from 
which fubftracT: the equation of the node, 13 ". 7, becaufe the 
heliocen trick latitude is found for the longitude unequated $ 
The remainder is V 13 40' 43*'. 4 

To which add 5 's diftance from Q, -» 

becaufe 5 was advancing to Q, J " 

The ium is the place of the afcending node 1 15 50 3. 4 
Place of S byM.de la Lande's tables of 1 771 1 15 51 8 

Errour of the tables. + 1 4. 4 
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